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In nine 7-day-old rats, an acute focal hypoxic-ischemic insult produced by unilateral carotid artery ligation and subsequent exposure to 8% oxygen acutely reduced 3 H-TCP binding ipsilateral to the ligation by 30% in the CA1, by 27% in the CA3, by 26% in the dentate gyms, and by 17% in the striatum compared with values from the contralateral hemisphere. In 10 littermates that received 1 mg/kg of the neuroprotective noncompetitive A'-methyl-D-aspartate antagonist MK-801 immediately before hypoxic exposure, the regional distribution of 3 H-TCP binding in hypoxic-ischemic brain was relatively preserved and there were no interhemispheric asymmetries in 3 H-TCP binding densities. In addition, in three unoperated rats decapitated 24 hours after MK-801 treatment, 3 H-TCP binding was reduced by 15 3 The dissociative anesthetic ketamine, phencyclidine, and the closely related drug MK-801 all selectively antagonize NMDA's actions in a noncompetitive fashion.
-
7 Administration of both competitive and noncompetitive antagonists of NMDA can attenuate hypoxia-ischemia-induced neuronal injury in vivo. 8 -9 Recent data indicate that these pathophysiologic mechanisms are also relevant in immature brain. In 7-day-old rat pups, unilateral carotid artery ligation followed by 2-3 hours of exposure to 8% oxygen (the balance nitrogen) results in ipsilateral forebrain injury 10 -11 ; the striatum, hippocampus, and overlying cortex are damaged. Early after injury, the distribution of [ 
Materials and Methods
All experiments were done in postnatal day (PND) 7 or 8 Sprague-Dawley rats. We included results from four groups: three PND 8 untreated unoperated rat pups, six rat pups that received 1 mg/kg MK-801 2 hours (n=3) or 24 hours (n=3) before sacrifice but no ligation, nine saline-pretreated pups that underwent right carotid artery ligation followed by exposure to 8% oxygen for 2.5 hours, and 10 MK-801-pretreated pups that underwent right carotid artery ligation followed by exposure to 8% oxygen for 2.5 hours.
Pups that underwent surgery were anesthetized with ether; the right carotid artery was then exposed and ligated in <5 minutes. After recovery from anesthesia, the pups were returned to their dams to feed for 1.5-2 hours. Within 10 minutes before hypoxic exposure, the pups received a 50-yu.l intraperitoneal injection of saline or 1 mg/kg MK-801 dissolved in saline. The pups were then placed in covered plastic chambers, warmed in a water bath, and exposed to 8% oxygen for 2.5 hours as previously described.
10
- 11 The pups were returned to their dams and decapitated 24 hours later. The surgical protocol was approved by the University of Michigan Committee on Care and Use of Animals.
To visualize the regional distribution of 3 H-TCP binding, in vitro autoradiography was done. 16 Horizontal 20 - Sections and carbon-14 standards (American Radiolabeled Chemicals, Inc., St. Louis, Missouri) were apposed to tritium-sensitive film (LKBUltrafilm, Gaithersburg, Maryland) for up to 6 weeks to generate the autoradiograms. Quantitative analysis of regional binding was done using a video-based image analysis system (MCID, St. Catharines, Canada). Optical density was measured bilaterally in three regions of the hippocampus (CA1, CA3, and the dentate gyms), in the striatum, in the cingulum, and in the fornix; the latter two are typically spared from hypoxic-ischemic injury (five readings per region per section, four sections per brain).
Specific binding values were derived from polynomial regression analysis of optical density values in the standards calibrated against brain paste with known amounts of tritium and expressed as mean±SEM femtomoles per milligram protein. Sideto-side differences in hypoxic-ischemic pups were compared using paired t tests. The effects of MK-801 on binding in unoperated controls were assessed by analysis of variance using a microcomputer-based statistical package (SYSTAT, Evanston, Illinois). from untreated PND 8 rat brain ( Figure 1, left) ; binding was highest in the hippocampus. In contrast, virtually no specific binding was present if the pups were treated with 1 mg/kg MK-801 2 hours before decapitation (Figure 1, right; Figure 2 ). Right carotid artery ligation followed by exposure to 8% oxygen for 2.5 hours produces ipsilateral forebrain injury, characterized by atrophy and gliosis in the striatum, hippocampus, and cortex in approximately two thirds of PND 7 rats 13 ; in the hippocampus, damage is relatively diffuse, extending to CA1, CA3, and the dentate gyrus. In PND 8 rats decapitated 24 hours after right carotid artery ligation and 2.5 hours' exposure to 8% oxygen, ipsilateral 3 H-TCP binding was reduced (Figure 4, left) ; anatomic detail in the hippocampus, which can be detected in autoradiograms from unoperated untreated PND 8 rat brain, is obscured. In CA1, CA3, the dentate gyrus, and the striatum, 3 H-TCP binding was significantly reduced by 17-30% ipsilateral to the ligation (Table 1 ). In contrast, in autoradiograms from littermates pretreated with 1 mg/kg MK-801, only subtle reductions in ipsilateral 3 H-TCP binding in the hippocampus and striatum are discernible (Figure 4, right) . In the MK-801-treated pups, there were no significant side-to-side differences in 3 H-TCP binding (Table 1) . However, values in both hemispheres were lower than in age-matched untreated unoperated controls. In these experiments, a single concentration of ligand was used and we could not determine if reductions in binding reflected loss of binding sites or change in receptor affinity. Based on examination of corresponding histologic sections at this time interval that reveal loss of Nissl staining in lesioned regions and minimal edema, it appears likely that the reductions reflect a loss of binding sites. A decrease in the number of binding sites could reflect reversible membrane dysfunction, suppression of protein synthesis, hypoxia-ischemia-induced receptor downregulation, or irreversible membrane damage. Although we could not address the issue of one-to-one correspondence of reductions in 3 H-TCP binding with irreversible neuronal injury, available information about the evolution of neuropathology in this model suggests that the focal reductions in binding ipsilateral to the ligation reflect, in large part, irreversible damage.
Results

Regionally selective specific
Although pretreatment with the noncompetitive NMDA antagonist MK-801 preserved both tissue integrity and the normal regional distribution of macologic interactions that complicated our interpretation of these data, it appeared feasible to use this approach to assay the efficacy of neuroprotective agents. In particular, in vitro autoradiography (and possibly in vivo imaging) with appropriate ligands may provide useful information about the temporal evolution of irreversible injury and regional differences in the efficacy of neuroprotective agents. Furthermore, analysis of alterations in neurotransmitter ligand binding may delineate subtle functional changes in receptor organization that evolve after injury.
